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Abstract

Soil type in LID infiltration practices plays a major role in runoff reduction efficacy. In this study, the effects of
infiltration rate of foundation ground under bioretention on annual runoff reduction rate was evaluated using
LIDMOD?3 which is a simple excel based model for evaluating LID practices. A bioretention area of about 3.2 % was
required to capture surface runoff from an impervious area for a 25.4 mm rainfall event. The relative error of runoff
from bioretention using LIDMOD?3 is 10 % less than that of SWMMS5.1 for a total rainfall event of 257.1 mm during
the period of Aug. 1 ~ 18, 2017, hence, the applicability of LIDMOD3 was confirmed. Annual runoff reduction rates
for the period 2008 ~ 2017 were evaluated for various infiltration rates of foundation ground under the bioretention
which ranged from 0.001 to 0.600 m/day and were converted to annual runoff reduction for hydrologic soil group.
The runoff reduction rates within hydrologic soil group C and D were steeply increased through increased infiltration
rate but not steep within hydrologic A and B with reduction rates ranging from 53 ~ 68 %. The estimated time
required to completely empty a bioretention which has a storage depth of 0.632 m is 3.5 ~ 6.9 days and we could
assume that the annual average of antecedent rainfall is longer than 3.5 ~ 6.9 days. Therefore, we recommended B
type as the minimum hydrologic soil group installed LID infiltration practices for high runoff reduction rate.
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2. Materials and Methods
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Table 1. The dimension of bioretention

Parameters Value Description

d, 0.38 Ponded depth (m)

n 0.2 Top soil porosity

d; 0.3 Top soil depth (m)

d; 0.6 Coarse gravel layer depth (m)

n, 0.32 Coarse gravel layer porosity

s, 0.632 Storage \f)lume per unit area (m*/m?)
(8, =d, +n, Xd,+n,xd,)
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Fig. 1. Daily precipitation between Aug. 1~ 18 used for
LIDMOD3 applicability.

Table 2. Infiltration rate range for hydrologic soil group
(Cronshey, 1986)

HSG-A | HSG-B HSG-C | HSG-D

Infiltration rate (m/day) | >0.18 [0.09 ~0.18|0.03 ~0.09 | <0.03
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3. Results and Discussions
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Table 3. The comparisons of bioretention between LIDMOD3.0 and SWMMS.1 simulation result using water budget analysis

Infiltration rate SWMMS5.1 LIDMOD3.0
(m/day) Inflow Evapot. Infilt. Outflow Inflow Evapot. Infilt. Outflow
0.001 244 0.3 0.0 22.9 24.4 0.3 0.1 225
0.005 244 0.3 0.3 22.6 24.4 0.3 0.4 222
0.010 244 0.3 0.7 223 244 0.3 0.8 21.8
0.020 244 0.3 1.5 21.8 244 0.3 1.6 21.1
0.030 244 0.3 23 212 244 0.3 24 20.5
0.040 244 0.3 3.0 20.7 244 0.3 32 20.0
0.050 244 0.3 37 20.2 244 0.3 4.0 19.5
0.060 244 0.3 43 19.6 244 0.3 4.8 189
0.070 24.4 0.3 438 19.1 244 0.3 55 184
0.080 24.4 0.3 54 18.5 244 0.3 6.3 179
0.100 244 0.3 6.0 17.9 244 0.3 7.7 16.8
0.120 244 0.3 6.5 174 244 0.3 8.8 15.8
0.140 24.4 0.3 6.9 17.0 244 0.2 9.3 154
0.160 24.4 0.3 73 16.7 244 0.2 9.7 15.0
0.180 24.4 0.3 7.5 16.4 244 0.2 9.9 14.8
0.200 24.4 0.2 7.8 16.1 244 0.2 10.2 14.6
0.300 244 0.2 9.1 14.8 24.4 0.2 11.2 13.6
0.400 24.4 0.2 10.1 13.9 24.4 0.2 12.2 12.6
0.500 244 0.2 10.6 133 24.4 0.2 12.8 12.0
0.600 24.4 0.2 112 12.8 244 0.1 13.0 11.8
* Evapot. is evapotranspiration and Infilt. is infiltration.
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. 2. The comparisons of outflow from and infiltration in bioretention between LIDMOD3 and SWMMS5.1
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Table 4. Annual runoff reduction rates by bioretention based on the infiltration rate (unit: %)
HSG Infilt. (m/d)| 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Avg.
0.001 10 7 7 5 7 7 7 10 8 7 8
0.005 16 11 11 9 12 13 11 17 13 11 12
D 0.01 24 16 16 13 17 19 17 25 20 16 18
0.02 35 25 24 21 27 31 27 38 31 22 28
0.03 43 30 30 26 33 40 37 45 38 27 35
0.04 48 33 34 30 35 48 41 52 43 32 40
0.05 52 36 38 34 37 52 44 57 47 36 43
C 0.06 55 39 41 37 39 56 46 61 49 40 46
0.07 55 41 43 38 41 57 47 64 51 43 48
0.08 56 42 45 40 44 59 49 65 53 46 50
0.1 58 44 48 43 48 60 51 68 56 49 53
0.12 60 46 50 46 51 61 54 70 57 52 55
B 0.14 62 48 53 48 54 62 56 71 57 54 57
0.16 64 49 56 49 55 63 57 72 58 56 58
0.18 65 50 58 51 56 64 58 73 59 58 59
0.2 66 51 59 52 56 64 59 74 60 59 60
0.3 68 54 66 56 59 65 62 76 63 62 63
A 0.4 69 56 69 58 62 67 64 78 65 63 65
0.5 69 57 72 60 64 68 66 79 67 65 67
0.6 70 57 74 62 66 68 68 79 68 66 68
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Fig. 3. Average annual runoff reduction rates according to infiltration rates and hydrologic soil
group. A, B, C, and D mean hydrologic soil group A, B, C, and D, respectively.
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